The cases of stomach cancer (SC) incidence are increasing per year and the SC burden has remained very high in some countries. We aimed to evaluate the global geographical variation in SC incidence and temporal trends from 1978 to 2007, with an emphasis on the effect of birth cohort. Joinpoint regression and age-period-cohort model were applied. From 2003 to 2007, male rate were 1.5-to 3-fold higher than female in all countries. Rates were highest in Eastern Asian and South American countries. Except for Uganda, all countries showed favorable trends. Pronounced cohort-specific increases in risk for recent birth cohorts were seen in Brazil, Colombia, Iceland, New Zealand, Norway, Uganda and US white people for males and in Australia,
Stomach cancer (SC) is the third leading cause of cancer death and the fifth most common cancer worldwide. 1 The absolute number of new cases per year is still increasing, causing about 1 million new cases in 2012 and representing 7% of all cancers, 1 mainly because of the aging of the world population. 1, 2 In addition, the SC burden has remained high in several countries of Asia, Latin America, and Central and Eastern Europe. 3 The SC incidence varies greatly by geography and sex. Geographically, almost two-thirds of all SC cases occur in Asia (specifically Japan and China). 1, 4 The incidence varies approximately 10-fold for males, ranging from 60/100,000 in Japan to fewer than 6/100,000 in the United States. 5 Sex-specific analysis is also critical for viewing trends and associations in epidemiology, especially in SC, one of the most cancers in which the incidence is well known to differ between the sexes. 1 Helicobacter pylori (H. pylori) infection is considered the most important risk factor of SC. About half of the world's population is estimated to be infected with this bacterium. 5 However, SC development cannot be explained by infection with H. pylori alone because SC develops in only a small proportion of people with the infection, between 2% and 5%. 6 The recognition of other risk factors such as a better diet and improving food preservation, increasing the consumption of fruits and vegetables, improving the popularization of refrigerators, also seems important. There also might exit some potential risk factors which we still could not recognize.
To evaluate the effects of age, period and birth cohort on temporal trends, modern analysis methods are based on ageperiod-cohort models, splitting the temporal variations into the three components of age, period and birth cohort. Cohort effects reflect the long-established generational effect of risk factors in early life, such as environmental carcinogens or specific lifestyles, which manifest as a progressive increase or decrease in cancer risk within the population and commonly show as a birth cohort phenomenon. Knowledge of time trends in incidence can provide clues for understanding the role of risk or protective factors in the etiology of the disease. In particular, the effect of birth cohort may be significant for gaining further insight into underlying causal factors.
Global inequalities in SC incidence have not been systematically explored. The aim of this study was to provide a global geographical picture of SC incidence and temporal trends from 1978 to 2007 for 38 countries providing data, with an emphasis on country-and sex-specific differences. Especially, we aimed to analyze the effect of birth cohort to examine the relative importance of lifestyle change and identify countries at increased risk of SC and highlight trends that deserve closer attention by public health and cancer prevention specialists.
Material and Methods
To examine temporal trends in SC incidence over the past 30 years, we used data from the Cancer Incidence in Five Continents (CI5), Volumes V-X (http://ci5.iarc.fr/CI5I-X/Pages/ download.aspx), which is published every 5 years from regional and national cancer registries worldwide, and online database of government. A total of 38 countries worldwide were included from Africa, Asia, Europe, the Americas and Oceania. These five continents were divided into 11 regions. Among 38 countries, 19 had national data (Costa Rica, Croatia, Czech Republic, Denmark, Estonia, Finland, France (http://invs.santepubliquefrance.fr/ Dossiers-thematiques/Maladies-chroniques-et-traumatismes/ Cancers/Surveillance-epidemiologique-des-cancers/Estimationsde-l-incidence-de-la-mortalite-et-de-la-survie/Estimation-de-lincidence-et-de-la-mortalite-par-cancer-en-France-metropolitaineentre-1980-et-2012-Tumeurs-solides), Iceland, Israel, Japan (http://ganjoho.jp/en/professional/statistics/table_download.html), Latvia, Malta, The Netherlands, New Zealand, Norway, Russia (http://www.oncology.ru/service/statistics/malignant_tumors/), Slovakia, Slovenia and Sweden). For the remaining 19 countries with more than one cancer registry (from different regional cancer registries within a country), cases and population data of all registries were pooled to ensure the largest geographic coverage and obtain estimated national proportions. Rates were age-adjusted to the world standard population by 5-year age groups. 8 To examine the change in age-adjusted incidence rates over time, the annual percent change (APC) and average annual percent change (AAPC) were calculated by using a Joinpoint regression model of the natural logtransformed rates based on each 5-year period. 9 Incidence rates were plotted at the midpoint of each 5-year time interval on a semi-log scale to facilitate comparison of temporal trends and magnitude across registries and countries. 10 As well, we plotted the recent age-adjusted rates versus AAPC on an arithmetic scale. To examine sex differences in incidence rates, the rates for males and females were plotted and the male:female ratio was calculated by country. We also examined the heterogeneity of SC rates within countries, plotting the highest and lowest incidence rates by country or region.
We examine birth cohort trends in all countries, with the hypothesis that cohort effects indicate a changing distribution of risk factors and similar generational patterns may indicate similar etiologies among populations. Age was represented by the middle age of an age group and period was the observed single calendar year. Birth cohorts were obtained by subtracting the midpoints of 5-year age groups from the corresponding calendar periods. The incidence rates by birth cohort and age were plotted on a semi-log scale. Finally, age-period cohort models were fitted, with the assumption that that incidence rates were constant within age classes and periods of diagnosis. 11 We assumed that the number of new cases followed a Poisson distribution, with the offset specified as the logarithm of person-years at risk:
where k refers to the rate and a a , b p and g c are functions of age (a), period (p) and birth cohort (c), respectively. We estimated cohort effects by using the full age-period-cohort model with incidence rate ratios relative to the reference cohort (median value with respect to the number of cases). The nonidentifiability inherent in the age-period-cohort analyses-knowledge of the values of any two of age, period and cohort implies knowledge of the third, so one of the factors is redundant-was managed by constraining the linear component of the period effect to have a zero slope in presenting the cohort effects. Solutions entirely depend on the allocation of the linear trend (drift); our model assumes that the entire linear trend is due to generational influences given the number of individual risk factors for SC. Caution should be applied when interpreting the results. 
Results
Sex disparities in SC incidence were observed in all countries, with male rates about 1.5-to 3-fold higher than female rates except for Uganda (M:F ratio 5 1.3) (Fig. 1) . Japan with highest rate and France had the greatest sex disparity in rates (M: F ratio 5 2.7).
In 2003-2007, SC incidence was highest in Eastern Asian and South American countries and lowest in South-Western Asia, Western European and Oceania countries (Table 1 and Supporting  Information, Table S1 ). In males, the highest rates occurred in What's new? Disparities in cancer risk persist worldwide. Here, the authors analyzed global trends in stomach cancer incidence over time. They find overall a favorable trend possibly due to a decline in lifestyle and environmental risk factors such as Helicobacter pylori infections over successive generations. However, in some countries, the declines are less marked stressing the wide differences among countries.
Japan (age standardized rate [ASR] 557.0], Russia (ASR 529.3), and Costa Rica (ASR 526.5), with the lowest rate in Thailand (ASR 54.5). In females, the highest rates occurred in Japan (ASR 521.4), Costa Rica (ASR 515.0), and Ecuador (ASR 513.0), with the lowest rates in Thailand (ASR 52.9). However, rates were heterogeneous within 11 regions, ranging from 6.1 in the United States to 26.5 show the trends in observed 5-year age-specific rates for males and females by birth year for all countries. The quasi-parallel appearance of the observed incidence rates versus birth cohort across age groups indicates a strong cohort effect and a generational effect at the population level, as can be seen in almost all countries for both sexes. In all birth cohorts, the incidence rates increased exponentially with age. Incidence rates for most age groups uniformly decreased in successive male and female birth cohorts in most countries. However, the finding was followed by a stabilization or increase in rates among more recently born cohorts in Brazil, Canada, Colombia, Demark, Germany, India, Israel, New Zealand, US white for male and in Australia, Brazil, Colombia, Costa Rica, Demark, Ecuador, France, India, Israel, Malta, Norway, New Zealand, Spain, Switzerland, United Kingdom, US black, US white for female. In Brazil, Israel, Philippines and United Kingdom, rates peaked in the 1910-1920 birth cohorts which were at the period of First World War for both sexes. India males between 25 and 84 years old, Malta males between 50 and 84 years old, Philippines males between 25 and 84 years old except for 45-54, Switzerland males between 30 and 49 years old and US black males between 25 and 44 years old showed a clear peak in agespecific incidence rates. Croatia females between 25 and 49 years old, Germany females between 30 and 49 years old, India females between 25 and 49 years old, Philippines females between 25 and 84 years old, Singapore females between 25 and 49 years old, Spain females between 30 and 64 years old, Switzerland females between 25 and 64 years old and US black females between 30 and 54 years old showed a clear peak in age-specific incidence rates. A quasi-U-shaped trend of cohorts was observed for males who were 25-59 years old in Brazil, 25-49 years old in Colombia, 40-64 years old in Denmark, 25-49 years old in Israel, 25-54 Cancer Epidemiology Table 1 . Age-adjusted male stomach cancer incidence rates per 100,000 person-years (1978-1982 and 2003-2007) years old in US white. In Japan, the incidence rates decreased somewhat for older age groups but substantially for young and middle-age groups for both sexes. For all birth cohorts, the rates for the same age group were consistently higher for males than females, regardless of countries.
Estimates of age-specific incidence rates and incidence rates ratios (IRRs) by birth cohort in all countries for both sexes are in Figures 6-8 and Supporting Information, Figures S7-S9. Certain incidence changes increasing with age were revealed for both sexes and a peak age at diagnosis was shown for Brazil, Costa Rica, India, Israel, Philippines, Thailand and Uganda for both sexes and Russia for male. For males, cohort-specific IRRs rapidly decreased with successive birth cohorts in most countries, whereas IRRs among recent generations plateaued in Australia, Canada, Costa Rica, Denmark, Germany, India, Israel and The Netherlands 
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Discussion
Disparities in the incidence and risk of SC persist across countries and regions worldwide. In 2003-2007, sex disparities were observed in all countries, with male rates about 1.5-to 3-fold higher than female rates. SC incidence rates were highest in . Fitted stomach cancer incidence among men: age-specific rates per 100,000 person-years (left) and incidence rate ratios by birth cohort (right) in Northern, Central and Eastern Europe countries. The default is for the reference points at the median value (with respect to the number of cases) for the cohort to be variable.
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Luo et al. Figure 7 . Fitted stomach cancer incidence among men: age-specific rates per 100,000 person-years (left) and incidence rate ratios by birth cohort (right) in Southern and Western Europe countries. The default is for the reference points at the median value (with respect to the number of cases) for the cohort to be variable. Figure 8 . Fitted stomach cancer incidence among men: age-specific rates per 100,000 person-years (left) and incidence rate ratios by birth cohort (right) in selected non-European countries. The default is for the reference points at the median value (with respect to the number of cases) for the cohort to be variable. In most areas of the world, male SC rates were two-to threefold higher than female rates. The higher rates among males than females could be due to higher prevalence of risk factors and differences in sex-steroid hormones, immune responsesor epigenetics between men and women 12 or to a lag in age of intestinal gastric cancer onset in women as compared with men. 13 A large United Kingdom cohort indicated that the risks of SC were significantly higher in postmenopausal than pre-or premenopausal women (relative risk [ 14 This phenomenon may due to estrogen protecting against SC. Previous epidemiologic studies of the association of reproductive factors and exogenous hormone use with SC risk also support that estrogen may offer some protection against gastric cancer for women. 15 In a meta-analysis of 42 studies conducted in Asia, Europe and the United States, the relative risk of SC developing due to smoking was 1.62 for males and 1.2 for females 16 and another meta-analysis indicated a positive association with heavy alcohol drinking (> 4 drinks per day: RR 1.20, 95% CI 1.01-1.44). 17 The lower SC incidence for women than men may be due in part to their lower exposure to risk factors such as cigarette smoking and heavy alcohol use. However, in several countries in South America, Northern Europe, southeastern Asia and Africa, for example, Ecuador, Finland, Philippines, Thailand and Uganda, the rates in females are close to those for males. The explanation for these similar rates in males and females is not clear but may suggest the presence of unidentified risk factors.
There is clearly a strong environmental component to the risk differences. Migrant populations from high-risk areas showed a marked decrease in risk when they move to a lower risk area. The change is quite gradual and seems to depend on the age at migration. In Japanese migrants to the United States, the risk greatly decreased between the migrant generation and US-born Japanese. For Japanese-born men, a cohort with historically increased rates of SC, the incidence of those living in the United States was 62.5/100,000 as compared with 95.1/100,000 for those living in Japan. 18 A difference was also recognized in Japanese-born women, with an incidence of 2.9/ 100,000 in the United States and 6.8/100,000 in Japan. 18 These data highlight the impact of childhood environment on SC risk.
The substantial decline in SC in recent decades from many countries also suggests that environmental rather than genetic factors are related to its etiology. 2 The importance of studying the cohort effect resides in the fact that cohorts represent the most natural way of aggregating individuals because the prevalence of risk factors linked to environment or lifestyle is to a great extent determined by year of birth. Decreasing incidence rates in Japan, captured by downward trends in successive birth cohorts from the 1950 sec, are likely due to many factors. An examination of secular trends in H. pylori prevalence and SC incidence showed that the decline in H. pylori prevalence paralleled a decline in SC incidence 19 and the early acquisition of H. pylori infection has been associated with SC. 20 A study 21 of H. pylori prevalence in Japanese people showed a prevalence of about 80% for those born before 1950, about 40% for those born in the 1950 sec, about 25% for those born in the 1960 sec and about 20% for those born in the 1970 sec. Another study 22 also showed a clear decline in H. pylori prevalence by birth cohort, particularly for people born after 1950. The birth cohort effects of H. pylori infection reflect a decrease in rate of acquisition of H. pylori infection in successive generations of children along with improved sanitation and living standards. Besides, people who belong to young birth cohorts showed decreased prevalence of H. pylori infection as compared with older birth cohorts. 22 In most cases, the infection is acquired in childhood, which would be essentially reflected in a cohort effect on SC incidence. However, the SC incidence rate in general reflects more the prevalence of H. pylori in older age groups in Japan, 23 so the high prevalence of H. pylori infection in Japan in older people corresponds to a high incidence of SC.
Besides H. pylori infection, salt intake is an important risk factor for SC. 24 There has been strong evidence indicating a synergistic effect of H. pylori infection and salt intake for SC among Japanese. 25 Despite a continual decrease in salt intake in Japan, it is still high as compared with other Western countries. 25 The high salt intake and high prevalence of H. pylori infection among older age groups may mainly account for the highest SC incidence rates observed in Japan. Other contributing factors to the favorable trend include progressive improvements in sanitation, diet, and food preservation, including refrigeration and the availability of fresh fruits and vegetables. 26 The use of electric refrigeration, which can facilitate year-round consumption of fruit and vegetables and reduce the need for salt as a preservative, increased rapidly in households between 1960 and 1970 and reached over 50% at the household level after the 1960s, 27 approximately when SC rates started to decrease. 2 These changes in environment and population life could explain the favorable trends of SC incidence in Japan. Intriguingly, the relationship between H. pylori infection and SC in some Asia countries is enigmatic. India and Thailand had a high seroprevalence of H. pylori infection in young and old age groups but low SC rates. 19 These differences must be considered in relation to host genetic factors, bacterial virulence factors, the existence of different strains of H. pylori with different degrees of virulence 28 and other environmental factors such as diet and smoking.
Global estimates indicate that 89% (774,000) of the noncardia gastric cancer cases that occurred in 2008 were attributable to H. pylori infection, and the infection is responsible for 75% of all SC cases. 29 Countries with high SC rates typically have a high prevalence of H. pylori infection, and the decline in H. pylori prevalence in developed countries parallels the decreasing incidence of SC 3 . Studies reported a rapid decrease in H. pylori prevalence in most developed countries 30 and that prevalence in adults ranged from 10% to 50% in developed countries. 30 The favorable trend of SC incidence in developed countries may be largely attributable to the decline in H. pylori prevalence, especially the birth cohort effect. High rates of SC in developing countries may be due in part to a high prevalence of H. pylori infection, up to 80% to 90% in developing countries. 30 A recent study indicated that more than half the world's population is infected with H. pylori and Africa had highest prevalence (70.1%), where Oceania had the lowest prevalence (24.4%) in 2015. 31 Thus, H. pylori infection seems to be an important factor for controlling SC.
The cohort effect also suggests the importance of diet in early life. A recent meta-analysis of cohort studies reported decreasing summary relative risks, 0.95 and 0.96, per 100 g/d increment in fruit and vegetable intake 32 and the prevalence of low fruit and vegetable consumption in developing countries is high mainly because of barriers to access and affordability. 33 Some cohort studies have indicated that dietary intake of highsalt foods such as miso soup, pickled vegetables, dried fish and salted fish increase the risk of SC incidence. 34 Another metaanalysis showed an association between increased SC risk and delay in refrigeration devices, which can facilitate consumption of fruit and vegetable and reduce the need for salt as a preservative, in the household. 35 In North America and in most Nordic European countries, electric refrigeration became widely available between the 1930 sec and 1950 sec, 36 which may explain in part the larger favorable trends and current low incidence rates. In Russia and other Central and Eastern European countries, refrigeration was available after the 1960 sec, 36 which may explain in part the later beginning of declines in SC and the current high rates.
Given that smokers have a 50%-60% increased risk of SC as compared with non-smokers, the proportion of SC cases attributable to cigarette smoking is estimated at about 10%. 37 Therefore, the decrease in smoking prevalence in most European countries 38 and the declining trend in cigarette smoking among the US population, from 42.4% to 18.1% between 1965 and 2012, 39 may account for part of the decline in SC rates. More importantly, global prevalence of daily tobacco smoking in the population older than 15 years decreased from 41.2% in 1980 to 31.1% in 2012 for men and from 10.6% to 6.2% for women, 40 which can partly explain the favorable trends in most countries worldwide. However, trends in smoking have been less favorable in Southern or Eastern Europe. 41 In Japan, smoking prevalence has been high among men, particularly among those born before the late 1950s. 42 A recent study reported an increasing incidence of noncardia gastric cancer among white Americans born after 1952; changes in H. pylori infection patterns after the 1952 birth cohort may have contributed to the increasing incidence rates among younger generations. 43 We found pronounced cohortspecific increases in risk in the recent birth cohort, after about 1950, in US white males and females both. This phenomenon may be also related to the changes in H. pylori infection patterns or immigration from high risk areas because the white population showed about one-half the SC incidence rate observed among Asian American, Pacific Islander, African Americans and Hispanic populations for both sexes. 44 As well, a recent meta-analysis subgroup analysis suggested that high coffee consumption (>6.5 cups/day) was associated with risk of SC in US populations (RR 5 1.36, 95% CI 1.06-1.74). 45 Because approximately 80% of US adults drink coffee and 60% drink coffee daily, 46 high coffee consumption may be a risk factor of SC for the US population.
A recent meta-analysis of cohort studies indicated overweight/obesity (body mass index 25 kg/m 2 ) associated with an increased risk of gastric cancer (RR 5 1.22, 95% CI 1.06-1.41) and specifically associated with increased risk of cardia gastric cancer (RR 5 1.55, 95% CI 1.31-1.84). 47 The global prevalence of overweight/obesity is on the rise, 48 and approximately half of the population was overweight/obese in the Americas (61.1%) and Europe (54.8%) according to the World Health Organization. 49 Overweight/obesity may be a risk factor of SC and the risk is increasing specifically for American and European populations.
The apparent increase in the incidence of SC seen in Uganda, although not statistically significant, may have been affected by improvements in diagnosis. The role of H. pylori infection and other factors in the etiology of SC in Uganda and elsewhere in Africa remains unclear. 50 This is the first study to provide a global geographical variation of SC incidence and temporal trends, with an emphasis on country-and sex-specific differences and the effect of birth cohort. The key strengths of this study are the comprehensive nature of this comparison: geographical variations were examined in 38 countries in five continents and overall trends were examined in 38 countries and trends by age and birth cohort. Other strengths include the use of CI5 data based on large, wellestablished registries throughout the world and rigorous dataquality standards that are applied across all volumes. Additionally, this study combined all registries within countries to ensure robust measures of country-specific incidence. More importantly, modern methods based on age-period-cohort models were applied, especially to analyze the effect of birth cohort.
The limitations of our study include first, the small number of cancer registries for which more long-term observation is available and data from lower resource countries may be incomplete and of variable quality. However, we also cannot exclude an over-representation of populations with highquality and longstanding registries that are more likely to have long-term SC prevention strategies and perhaps, as a result, more favorable incidence trends. In this case, our summary of recent trends might be skewed toward overoptimism in terms of future patterns of SC. Second, for certain populations (female and low risk), these data were prone to random variation due to small numbers. A final limitation was the inability to thoroughly examine trends in African countries due to a historic lack of inclusion in CI5 and we had no information on histological subtype in all databases.
In conclusion, our study shows a marked decrease in SC incidence for both sexes worldwide from 1978 to 2007. These favorable trends may be due to changes in environmental exposure and lifestyle in the populations, including the decline in H. pylori infection, the increasing intake of fresh fruits and vegetables, availability of refrigeration, decreasing intake of salted and preserved food and decrease in smoking prevalence. The cohort analysis also suggested a decline in lifestyle and environmental risk factors over successive generations. Despite the favorable incidence trends worldwide, in some countries, the declines are less marked and stress the wide differences among countries and the smaller decline in the youngest generations, particularly among women. The reason for countries with a pronounced cohort-specific increase in risk for recent birth cohorts should be explored further with etiology studies. We still need to prevent and control H. pylori infection and other risk factors, including smoking and diet, in those high-risk and high-incidence countries. These findings may help predict future changes in incidence of SC.
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